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A B S T R A C T
Purpose: Gender differences are recognized in the functional and anatomical organization of the human
brain. Differences between genders are probably expressed early in life, when differential rates of
cerebral maturation occur. Sexual dimorphism has been described in temporal lobe epilepsy with mesial
temporal sclerosis (TLE-MTS). Several voxel-based morphometry (VBM) studies have shown that TLE-
MTS extends beyond mesial temporal structures, and that there are differences in the extent of
anatomical damage between hemispheres, although none have approached gender differences. Our aim
was to investigate gender differences and anatomical abnormalities in TLE-MTS.
Methods: VBM5 was employed to analyze gender and hemispheric differences in 120 patients with TLE-
MTS and 50 controls.
Results: VBM abnormalities were more widespread in left-TLE; while in women changes were mostly
seen in temporal areas, frontal regions were more affected in men.
Conclusions: Our study conﬁrmed that gender and laterality are important factors determining the
nature and severity of brain damage in TLE-MTS. Differential rates of maturation between gender and
hemispheres may explain the distinct areas of anatomical damage in men and women.
 2013 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.
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jou r nal h o mep age: w ww.els evier . co m/lo c ate /ys eiz1. Introduction
Gender differences are recognized in the functional and
anatomical organization of the human brain.1 Differences between
genders are probably expressed early in life, when differential rates
of cerebral maturation occur. In 1960s, Taylor suggested the
biological basis for a higher vulnerability of the male brain and of
the left hemisphere.2 According to this hypothesis, cerebral
maturation would be more rapid in girls, so that boys would be
at a greater risk for a longer time in such a way that a potential
seizure-producing insult would affect the less functionally active
side, the left hemisphere.
Sexual dimorphism has already been described in temporal
lobe epilepsy with mesial temporal sclerosis (TLE-MTS) in relation
to the phenomenology of seizures.3–5* Corresponding author at: Unidade de Pesquisa e Tratamento das Epilepsias,
Department of Neurology and Neurosurgery, 715, Napolea˜o de Barros, 13th Floor,
04024-002 Sa˜o Paulo, SP, Brazil. Tel.: +55 11 5576 4236.
E-mail address: teresacgsantana@hotmail.com (M.T.C.G. Santana).
1059-1311/$ – see front matter  2013 British Epilepsy Association. Published by Else
http://dx.doi.org/10.1016/j.seizure.2013.12.006Structural6 and functional neuroimaging,7 as well as anatomo-
pathological studies,8 have shown gender differences in TLE-MTS.
Men exhibit more volume deﬁcits in brain areas other than
ipsilateral hippocampus than women in MRI studies.6 There is also
evidence of gender-based differences in glucose hypometabolism
measured by PET.9 Finally, gender may differentially inﬂuence the
degree of gliosis in TLE-MTS patients.8
Voxel-based morphometry (VBM), a fully automated comput-
erized quantitative MRI analysis technique, is a widely used
method to identify gray and white matter abnormalities in
epilepsy,10 enabling a comprehensive analysis of global brain
structure.11 Several VBM studies have shown that TLE-MTS
extends beyond mesial temporal structures, and that there are
differences in the extent of anatomical damage, in both, gray and
white matter, when comparing left and right hemispheres. Some of
them have investigated the relationship between TLE and clinical
variables such as history of febrile seizures, age at onset and
duration of epilepsy,12–14 presence of secondarily generalized
seizures13 and side of MTS,15,16 while none have approached
gender differences.vier Ltd. All rights reserved.
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anatomical abnormalities in TLE-MTS using VBM.
2. Methods
2.1. Subjects
One-hundred and twenty patients with refractory unilateral
TLE-MTS (57 males) underwent a comprehensive pre-surgical
evaluation at the Epilepsy Section of the Department of Neurology
and Neurosurgery, Universidade Federal de Sa˜o Paulo, Sa˜o Paulo,
Brazil, between February 2004 and July 2010. This evaluation
consisted of a detailed clinical history, neurological examination,
1.5T brain MRI, neuropsychological and psychiatric evaluations,
and psychosocial assessments. Patients also underwent 3–6 days
of continuous video-EEG monitoring with 32-channel EEG
recordings, with electrodes placed according to 10-10 system on
the temporal lobes, plus bilateral sphenoidal electrodes. All
patients had clear MRI ﬁndings consistent with unilateral
MTS.17,18 Patients with unilateral MTS and additional abnormali-
ties besides brain atrophy detected by visual inspection were
excluded.
Clinical features were assessed retrospectively according to a
speciﬁc protocol developed for this study. We registered age of ﬁrst
seizure according to Taylor in his original study.2 As in this series,
age at time of the ﬁrst epileptic event before 10 years of life was
recorded by gender and side.
Natural history of TLE-MTS was also reviewed, including
presence and age of an initial precipitating injury (IPI),19 age at
onset and duration of epilepsy.
2.2. Controls
Fifty age and gender-matched healthy control subjects (24
males), members of the hospital personnel with no history of head
injury or signiﬁcant medical or psychiatric illnesses were
submitted to 1.5T brain MRI under conditions identical to patients.
All controls had normal MRI on visual inspection.
The Ethics Committee of our institution approved the study,
and informed consent was obtained from all participants before
their inclusion in this protocol.
2.3. MRI data acquisition
Patients were retrospectively selected during a 6-year period
and a sample of 120 subjects underwent the same MRI protocol
suitable for VBM.
Examination of the brain was performed in all subjects with a
1.5T MRI (Magnetom Sonata [Maestro Class] – Siemens AG,
Medical Solutions, Erlangen, Germany) using an eight-channel
head coil. The following sequences were acquired: (1) sagittal
images (T1-weighted spin echo); (2) coronal images [(T2-
weighted fast spin echo; T2-weighted ﬂuid attenuated inversion
recovery (FLAIR); T1-weighted inversion recovery)]; (3) axial
images (T2-weighted FLAIR; T2-weighted gradient echo).
For VBM analysis the conventional sequence performed was:
sagittal T1-weighted gradient echo volumetric acquisition for
multiplanar reconstruction (TR = 2000 ms, TE = 3.42 ms, ﬂip an-
gle = 15, FOV = 245 mm, 1.0-mm slice thickness with no gaps,
totaling 160 slices/slab, matrix size = 256  256, NEX = 1).
2.4. MRI data processing and analysis: VBM
Patients and controls were analyzed using VBM5 toolbox
(http://dbm.neuro.uni-jena.de), implemented in Statistical
Parametric Mapping (SPM5)11,20 and executed in Matlab 7.0(Mathworks, Sherborn, MA). The sagittal T1 DICOM ﬁles were
converted to NIFTI-1 (http://nifti.nimh.nih.gov) format. The
converted ﬁles were then segmented into gray and white matter
and normalized. Voxel values were modulated by the Jacobian
determinants derived from the spatial normalization. The ﬁnal
voxel resolution after normalization was 1 mm3. The obtained gray
matter (GM) images were ﬁnally smoothed with a Gaussian ﬁlter
at the full width at height maximum equal to 8 mm and entered in
statistical analysis. Additionally, global GM, white matter (WM)
and cerebral spinal ﬂuid volumes as well as total intracranial
volumes were computed using the native-space tissue maps of
each subject.
2.5. Statistics
2.5.1. Clinical analysis
Descriptive analyses of quantitative variables were reported by
mean and standard deviation (SD).
Prior to conducting analyses, measures were tested for normal
distribution using Kolmogorov–Smirnov test. All categorical and
quantitative variables were assessed according to side and gender
using Chi-square and Mann–Whitney test, respectively. Age at
onset of ﬁrst event, varying by gender and side of lesion, was also
analyzed.
The level of statistical signiﬁcance was set at p < 0.05.
2.5.2. VBM analysis
In order to investigate possible gender and hemispheric gray
matter volume (GMV) differences between males and females,
right and left-TLE patients, and control group, we employed the
General Linear Model (GLM) with age and brain volume as
covariates of no interest for all VBM analyses.
Resulting clusters were reported as signiﬁcant at a p < 0.001
level, two-tailed, uncorrected for multiple comparisons. A small
volume correction (SVC) was applied, when there was a strict a
priori hypothesis which was already implicated in the patho-
physiology of TLE (hippocampus, amygdala, entorhinal and
perirhinal cortices, thalamus)21–23 emerging from the whole-
brain analyses. Since abnormalities in lateral temporal and
frontocentral areas have been previously reported13,24 these
structures were considered as a priori regions. As a consequence,
GMV ﬁndings were corrected for multiple comparisons using
SVC. We performed SVC placing a sphere with 5 mm
radius centered at the local maxima, which was equivalent to
a volume of 500 mm3, with a threshold of p < 0.01, corrected
for multiple comparisons using False Discovery Rate (FDR).
Unpredicted ﬁndings were considered as signiﬁcant only if
they survived FDR correction for multiple comparisons
(p < 0.05).
3. Results
3.1. Demographics
VBM data of 120 patients are summarized in Table 1.
3.2. Hemispheric differences
Both in comparison to controls and between sides,
left-TLE patients exhibited greater extension of GMV reductions
(Fig. 1). Right-TLE showed decreased GMV mainly in
temporal areas, mesial and lateral, while reductions in left-
TLE were found in widespread regions: temporal and
occipital lobes, as well as thalamus, cingulum and cerebellum
(Table 2).
Table 2
Results from VBM: analysis of hemispheric differences.
Group Comparison MNI coordinates Brain region Z-Score ke
GM reductions in RTLE
Comparison to controls
(45 17 14) Right insula 3.73 261
(35 24 12) Right hippocampusa 5.65 663
(4 19 6) Right thalamus 4.51 1316
(49 10 39) Right precentral gyrus 5.48 234
(49 13 44) Left precentral gyrus 4.35 477
(38 51 36) Right cerebellar hemisphere 4.55 4018
(58 53 11) Right inferior temporal gyrus 4.34 264
(57 45 12) Right superior temporal gyrus 3.44 85
(56 40 31) Right supramarginal gyrus 3.63 143
(49 60 40) Left cerebellar hemisphere 3.77 691
GM reductions in LTLE
Comparison to controls
(13 68 8) Left superior frontal gyrus 4.36 218
(11 26 11) Left thalamus 4.81 2149
(2 17 0) Right thalamus 3.68 2149
(32 16 19) Left hippocampusa 4.53 201
(44 16 40) Left precentral gyrus 4.90 718
(63 18 22) Left inferior temporal gyrus 4.43 255
(39 53 35) Left cerebellar hemisphere 4.60 8502
(33 67 33) Right cerebellar hemisphere 4.01 1319
(51 64 13) Left middle temporal gyrus 5.16 1122
(55 55 36) Left supramarginal gyrus 4.42 362
(3 68 31) Left precuneus 4.17 1578
(6 89 2) Left cuneus 5.87 3558
(7 85 6) Right cuneus 5.32 3558
(5 88 5) Left cuneus 5.63 2173
(42 81 3) Right inferior occipital gyrus 4.75 131
GM reductions in LTLE
Comparison to RTLE
(32 16 19) Left hippocampusa 9.21 26 656
(36 8 1) Left insula 4.51 26 656
(38 9 40) Left inferior temporal gyrus 4.67 26 656
(25 3 14) Left amygdala 5.02 26 656
(55 62 4) Left posterior inferior temporal gyrus 4.31 2657
(58 5 20) Left middle temporal gyrus 3.79 26 656
(55 58 14) Left posterior superior temporal gyrus 4.13 2657
(54 7 8) Left superior temporal gyrus 3.82 26 656
(15 27 11) Left thalamus 4.07 26 656
(14 58 4) Left posterior cingulum 3.73 392
(6 59 28) Right posterior cingulum 3.53 142
(35 80 33) Left precuneus 4.01 724
(5 85 6) Left cuneus 3.82 564
(43 26 27) Left fusiform gyrus 5.27 26656
GM reductions in RTLE
Comparison to LTLE
(34 21 13) Right hippocampusa 11.05 24 281
(20 4 14) Right amygdala 5.13 24 281
(30 12 35) Right perirhinal cortex 4.33 24 281
(59 16 6) Right superior temporal gyrus 4.22 24 281
(45 5 49) Right middle frontal gyrus 4.01 165
(58 9 8) Right precentral gyrus 4.09 24 281
(4 3 51) Right medial frontal gyrus 4.33 176
(31 31 25) Right fusiform gyrus 3.85 24 281
(63 26 18) Right postcentral gyrus 4.55 1131
(61 19 17) Right inferior temporal gyrus 4.85 24 281
(38 8 2) Right insula 5.28 24 281
Brain region, MNI coordinates of peak effect, signiﬁcance extent (SPM5-Z score) and voxel extent are indicated. All results are reported at pFDR < 0.05 (corrected for multiple
comparisons).
a For these brain areas, a small volume correction (SVC), with a threshold of pFDR corrected < 0.01. C = controls; GM = gray matter; LTLE = left temporal lobe epilepsy;
RTLE = right temporal lobe epilepsy.
Table 1
Clinical and demographical data on the subjects submitted to VBM analysis.
Number of
patients, n (%)
History of
IPI, n (%)
Age,
y  SD
Brain
volume, mm3
Age of IPI,
y  SD
Age at onset
of epilepsy, y  SD
Duration of
epilepsy, y  SD
Total group 120 (100.0) 66 (55.0) 35.0  9.46 1140.56  131.96 2.68  3.96 9.95  9.54 22.98  12.40
Male 57 (47.5) 34 (59.6) 33.60  9.38 1216.69  127.88 3.11  5.25 11.64  10.70 18.92  12.60
Female 63 (52.5) 32 (50.8) 36.28  9.40 1072.49  91.89 2.22  1.77 8.41  8.14 26.64  11.08
p-Value** – 0.388 0.067 <0.001 0.215 0.049 <0.001
Left TLE 66 (55.0) 36 (54.5) 35.70  9.24 1143.04  129.62 2.65  4.54 9.81  9.36 22.41  12.98
Right TLE 54 (45.0) 30 (55.5) 37.27  9.57 1138.08  134.31 2.71  3.19 10.11  9.84 23.67  11.73
p-Value* – 0.884 0.007 <0.001 0.530 0.729 0.789
Abbreviations: IPI = initial precipitating injury; TLE = temporal lobe epilepsy; VBM = voxel-based morphometry.
* Comparison between sides.
** Comparison between genders.
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Fig. 1. VBM results: three and two dimensional representations of hemispheric differences in TLE-MTS. In the ﬁrst row, GMV reductions in left-TLE patients: (a) in comparison
to controls; (b–d) in comparison to right-TLE. In the second row, GMV reductions in right-TLE patients: (e) in comparison to controls; (f–h) in comparison to left-TLE.
M.T.C.G. Santana et al. / Seizure 23 (2014) 274–279 2773.3. Gender differences
In comparison to gender-matched controls, male patients
presented GMV reductions in thalamus and frontal gyri, while
female exhibited reductions in temporal areas, thalamus and
cerebellum (Table 3).
When male and female patients, separated by side of MTS, were
compared to controls, both presented different areas of GMV
abnormalities. In men, GMV reductions persisted in thalamus,
frontal gyri and hippocampus being more extensive in left-TLE. In
women with right-TLE, signiﬁcant reductions were found in
hippocampus and temporal gyri, while in left-TLE group reductions
involved bilateral temporal gyri and cerebellum.
When investigating gender effect in patients with TLE-MTS,
similar pattern of results was observed. Men presented reductions
in frontal gyri, cingulum and thalamus, whereas temporal
structures, especially amygdala, and also hippocampus were
involved in women (Fig. 2).
4. Discussion
Evidence of extratemporal involvement and even hemispheric
damage in TLE-MTS has been conﬁrmed by previous quantitative
MRI studies.25,26 VBM series have analyzed the hemispheric
damage in TLE, indicating widespread extrahippocampal GM
abnormalities in unilateral MTS, with involvement of other limbic
structures, such as cingulum, insula and thalamus13 and para-
hippocampal areas,27 as well as extralimbic areas including frontal
lobe, parieto-occipital regions and cerebellum.13,27,28 In a recentFig. 2. VBM results: three and two dimensional representations of gender differences in 
men; (e–h) GMV reductions in women.review of VBM studies in TLE, 26 brain regions were found to be
signiﬁcantly reduced in volume relative to controls, although there
was a strong asymmetrical distribution of abnormalities.10
In our study, we conﬁrmed the extension of the lesions
observing that both groups, left and right MTS, had several GMV
abnormalities, in comparison to controls and also in the analysis of
each hemisphere separately. In addition, these reductions in GMV
were more widespread in left-TLE patients, involving not only
distinct areas ipsilateral to the side of MTS, but also bilateral
regions. In contrast, in right-TLE, GMV reductions were more
restricted and conﬁned to medial temporal lobe. Evidence for
distinct neuronal network damage more widespread in patients
with left-sided seizure focus has also been found by others.15,16,27
Our results conﬁrmed a larger extent of structural abnormali-
ties in left-TLE, in accordance with previous VBM10,15,16,29 and
cortical thickness analyses.30 As suggested by MRI study in healthy
individuals, temporofrontal networks may be more extensively
connected in the dominant hemisphere, likely due to their
involvement in language function.31 Such increased anatomical
connectivity may lead to more intense seizure propagation in the
left hemisphere and more marked neuronal loss in left-TLE.
Furthermore, brain damage would be more likely to affect the
left hemisphere still undergoing rapid maturation in the ﬁrst
years of life. According to Taylor’s hypothesis age of ﬁrst seizure
varies in men and women and in left and right hemisphere due to
different rates of maturation between sexes and laterality. There
would be biological basis for the higher vulnerability of the male
brain and of the left hemisphere. Cerebral maturation would be
more rapid in girls, so that boys would be at a greater risk for aTLE-MTS. Comparison between male and female patients. (a–d) GMV reductions in
Table 3
Results from VBM: analysis of gender.
Group comparison MNI coordinates Brain region Z-score ke
Gender differences between patients and controls
GM reductions in men
Comparison to controls
(31 56 2) Left middle frontal gyrusa 4.05 245
(3 17 13) Left thalamusa 3.60 341
(59 9 32) Left precentral gyrusa 3.64 197
(50 8 33) Right precentral gyrusa 4.13 152
GM reductions in women
Comparison to controls
(31 0 47) Right inferior temporal gyrus 4.01 90
(47 14 41) Left precentral gyrus 5.14 316
(4 20 3) Right thalamus 3.62 247
(54 48 12) Right posterior superior temporal gyrus 4.23 353
(46 68 36) Right cerebellar hemisphere 4.59 10 828
(37 64 53) Left cerebellar hemisphere 4.15 4559
GM reductions in RTLE men
Comparison to controls
(31 56 2) Left middle frontal gyrusa 3.85 270
(36 22 14) Right hippocampusa 4.59 338
(1 14 11) Right thalamusa 3.51 130
(16 92 14) Right lingual gyrus 4.23 279
GM reductions in LTLE men
Comparison to controls
(17 66 15) Left superior frontal gyrusa 3.61 59
(51 12 20) Left inferior frontal gyrusa 3.46 60
(32 16 18) Left hippocampusa 3.51 39
(52 65 13) Left posterior middle temporal gyrus 4.51 590
(6 20 13) Left thalamus 3.97 445
(5 89 2) Left cuneus 4.84 1886
GM reductions in RLTE women
Comparison to controls
(30 2 46) Right inferior temporal gyrusa 5.24 640
(23 20 16) Right hippocampusa 4.16 553
(11 28 5) Right thalamus 4.01 318
(56 46 12) Right posterior superior temporal gyrus 3.68 202
(37 54 34) Right cerebellar hemisphere 4.30 6617
GM reductions in LTLE women
Comparison to controls
(46 15 42) Left precentral gyrus 5.03 313
(63 18 21) Left middle temporal gyrus 3.71 118
(12 28 10) Left thalamus 3.68 144
(52 49 11) Right posterior superior temporal gyrus 4.00 183
(38 65 52) Left cerebellar hemisphere 4.05 7528
(46 69 36) Right cerebellar hemisphere 4.10 7156
Gender differences between patients
GM reductions in women
Comparison to men
(29 0 27) Right amygdalaa 4.37 835
(31 0 46) Right inferior temporal gyrusa 4.62 735
(24 9 28) Right hippocampusa 3.65 835
(31 3 26) Left amygdalaa 3.95 237
(30 1 44) Left inferior temporal gyrusa 3.34 63
(35 49 34) Right cerebellar hemisphere 4.03 511
GM reductions in men
Comparison to women
(18 50 35) Left superior frontal gyrusa 4.05 123
(4 32 39) Left medial frontal gyrusa 3.76 116
(52 15 22) Right inferior frontal gyrusa 4.32 380
(0 16 9) Right thalamusa 3.64 177
GM reductions in RTLE menb (22 47 33) Right superior frontal gyrusa 3.59 39
(4 27 27) Right cingulate gyrusa 3.59 1027
(27 28 47) Left middle frontal gyrusa 3.81 182
(37 42 46) Left inferior parietal lobule 4.71 357
GM reductions in LTLE menb (53 10 25) Right inferior frontal gyrusa 3.73 150
(1 18 8) Left thalamusa 3.45 108
GM reductions in RTLE womenb (28 1 26) Right amygdalaa 3.52 198
(30 1 45) Right inferior temporal gyrusa 5.36 1201
(28 5 43) Left inferior temporal gyrusa 4.05 464
GM reductions in LTLE womenb (30 0 26) Right amygdalaa 3.29 41
(60 49 15) Right posterior inferior temporal gyrus 3.61 129
(24 47 24) Left cerebellar hemisphere 3.47 519
(33 1 27) Left amygdalaa 3.81 89
(28 53 22) Right cerebellar hemisphere 3.16 537
Brain region, voxel extent, signiﬁcance extent (SPM5-Z score) and MNI coordinates of peak effect are indicated. All results are reported at pFDR < 0.05 (corrected for multiple
comparisons).
a For these brain areas, a small volume correction (SVC), with a threshold of pFDR corrected < 0.01. C = controls; GM = gray matter; LTLE = left temporal lobe epilepsy;
RTLE = right temporal lobe epilepsy; W = women.
b Comparison to the opposite gender.
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the less functionally active side, the left hemisphere. This
hypothesis, that the right hemisphere develops earlier than
the left, is also conﬁrmed by changes in cerebral blood ﬂow
measured by SPECT.32To our knowledge, until the present moment, no VBM study has
investigated gender differences in TLE-MTS. However, a recent DTI
study in unilateral TLE-MTS demonstrated WM differences
between gender, showing more extensive changes in right-TLE
and in female patients.33
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distinct regions of abnormalities in men and women, which were
concentrated in frontal regions in men, and in temporal areas in
women. Similar ﬁndings were found in a previous investigation of
sexual dimorphism in TLE-MTS using PET.9 Male patients more
often had a frontal lobe hypometabolism ipsilateral to the seizure
onset and a spread of epileptiform activity to this region. By
contrast, female exhibited hypometabolism and ictal spread to the
contralateral temporal lobe. Data from another PET study have
demonstrated gender-speciﬁc predominance of extramesiotem-
poral hypometabolism in male patients with TLE-MTS related to
abnormalities of temporal and frontal lobe functions.7
Sexual dimorphism in the phenomenology of seizures has been
also highlighted in TLE. Women have more isolated and speciﬁc
types of auras than men, including sexual manifestations, ictal fear
and affective auras.3–5,34 On the other hand, men present
secondarily generalized tonic-clonic seizures more often than
women, suggesting a greater seizure spread.4 Involvement of
mesiotemporal structures in women, and frontal predominance of
anatomical damage in men, as demonstrated in this VBM study,
might be the structural basis of these ﬁndings.
Our study was focused on the extension of damage and
anatomical changes according to gender and lateralization in TLE-
MTS, based initially on Taylor’s hypothesis. However, some
limitations should be pointed out. Variables such as handedness,
lateralization of speech and differences of IQ between patients and
controls were not controlled in VBM analyses.
Thus, we must consider that these variables may inﬂuence the
degree of anatomical differences between genders and hemi-
spheres, therefore conﬁguring some limitations of the present
study.
Further studies should include these important aspects to
conﬁrm whether they may or may not inﬂuence the extension of
brain damage and gender differences in TLE-MTS.
5. Conclusion
Our study conﬁrmed gender and hemispheric differences in
TLE-MTS. Gender and laterality are important factors to determine
nature and severity of brain damage. Lesions were more
widespread in left hemisphere. Men and women show different
areas of anatomical involvement. While structural damage in
males extended mainly to frontal lobes, in females damage were
mostly seen in temporal areas. Differential rates of maturation
between gender and hemispheres may be the basis for distinct
areas of anatomical damage in men and women.
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